Most studies of the seismic structure of continental crust assume that the wave speeds are isotropic at seismic wavelengths. The ability to measure surface wave propagation speed from the cross-correlation of ambient seismic noise provides new opportunities to image the crust and uppermost mantle. We investigate radial anisotropy in the continental crust of northwestern Canada from group-velocity curves of Love and Rayleigh waves obtained from ambient-noise cross-correlation. We test the null hypothesis that the Love and Rayleigh group-speed curves can be simultaneously fit by an earth model containing isotropic seismic velocities throughout the crust. Group velocity is predicted for 200 000 one-dimensional earth models, which are generated by randomly varying the crustal shear velocity and radial anisotropy within a prescribed range. The goodness-of-fit of the predictions is assessed by comparison with two sets of observed dispersion curves that correspond to two tectonically distinct terranes: the Archean/early Proterozoic craton and the transition from craton to Cordillera. The majority of best-fitting models contain V SH > V SV (4-5 per cent) in the middle crust. The finding that the middle/lower crust is seismically anisotropic across a large swath of northwestern Canada, combined with recent observations of anisotropic crust in much of the western United States, suggests that anisotropy may be ubiquitous in the continental crust.
Love and Rayleigh wave group-velocity dispersion curves. For both the 'craton' (blue) and 'CCT' (red) curves, the Rayleigh wave curves plot at lower wave speed than the Love wave curves and are lightly shaded. Solid contours that enclose each set of curves (black='craton', grey='CCT') are used on subsequent figures to indicate the observed range of curves and are for plotting purposes only. (c) Solid lines enclose the total range of observed curves, as used for the calculation of misfit threshold, and dashed lines show the mean ± one standard deviation for comparison.
the group velocity of fundamental-mode Rayleigh and Love waves is measured; the data processing procedure is described by Dalton et al. (2011) . Through this process, we obtain ∼2500 group-velocity curves for Rayleigh and Love waves in the period range of 5-25 s (Fig. 2) , providing good sensitivity to the crust. In a separate paper, we utilize this data set to derive group-velocity maps and a 3-D crustal shear-velocity model of the area (Dalton et al. 2011) .
Because Rayleigh and Love wave group speeds are predominantly controlled by vertically and horizontally polarized shear velocity (V SV and V SH ), respectively, our data set is sensitive to radial anisotropy. However, the data are dominated by very large lateral variations in isotropic shear velocities; the inclusion of a small amount (1-4 per cent) of anisotropy is acceptable to the data but cannot be robustly resolved in three dimensions due to the large increase in the number of model parameters required when solving for anisotropy in addition to 3-D shear velocity. As a result, we have developed a focused experiment using a subset of these data to explicitly test for the presence of crustal anisotropy in the region. We select 20 pairs of similar group-velocity curves (Fig. 1b) for which Love and Rayleigh group speed is higher than average for periods 5-25 s. These paths traverse the northeastern corner of the study area (Fig. 1a) , where the rocks are early Proterozoic or Archean in age; we refer to them as the 'craton' paths. We also select 22 pairs of curves that traverse the craton-Cordillera transition and have lowerthan-average wave speed at all periods. These 22 'CCT' curves are also similar to each other and distinct from the 'craton' curves.
M E T H O D
Our approach is to investigate radial anisotropy in the crust with a forward-modelling calculation applied to these clean and consistent subsets of the dispersion curves. The objective is to find a single 1-D earth model (or a suite of 1-D models) that can simultaneously fit the set of 'craton' Love and Rayleigh curves, and a separate suite of models that can fit the 'CCT' Love and Rayleigh curves. Using forward-modelling rather than inversion removes the need to calculate sensitivity kernels with an assumed reference earth model. The upper and middle crust are better constrained by the limited frequency range of our data set (0.04-0.2 Hz) than the lower crust and uppermost mantle, and the Love and Rayleigh waves sample different crustal depths. Our approach makes the results less likely to be influenced by imperfect referenceM models.
We generate 200 000 one-dimensional earth models. The density and elastic and anelastic parameters for the mantle and core are identical to those in PREM (Dziewonski & Anderson 1981) . For half of the models, the isotropic (Voigt average) mantle velocity is used. The crust is parameterized with three layers. The thickness, isotropic shear velocity and radial anisotropy [2(V SH − V SV )/(V SH + V SV )] of each layer are allowed to vary randomly within a defined range (5-20 km for thickness, 2-4.5 km s −1 for shear velocity and −8 to 8 per cent for anisotropy). For 60 per cent of the earth models, crustal thickness is 40 km, and for the others, it is unconstrained. For 90 per cent of the earth models, shear velocity is required to have a positive gradient with depth, but for the other 10 per cent, this requirement is relaxed. We also require 20 per cent of the earth models to have a thin upper crust (2-6 km), which allows for the presence of a sediment layer. Table 1 summarizes the parameterization schemes used to generate the 200 000 models. We force crustal compressional velocity V P = 1.75V S (Christensen 1996) and discuss the sensitivity to this assumption below. We prescribe density throughout the crust to be ρ = 2400, 2850 and 2950 kg m −3 for the top, middle and bottom layers, respectively (e.g. Bassin et al. 2000) .
For each of the 200 000 earth models, group-velocity curves for spheroidal and toroidal fundamental modes are calculated. These predicted group-velocity curves U pred (ω) are compared to the observed curves U obs (ω) (Fig. 1b) in order to assess the goodness of fit. We use the goodness-of-fit parameter χ 2 /N to calculate misfit as a function of frequency ω: identify an earth model that fits the observations, we must define what qualifies as an acceptable level of misfit. Consider first the N = 20 'craton' Rayleigh wave dispersion curves. At each frequency ω, the mean value of group velocity calculated from these curves,
Rayl (ω), corresponds to the minimum possible misfit value; that is, setting U pred (ω) = U obs Rayl (ω) in eq. (1) minimizes χ 2 /N for these curves (assuming that σ n (ω) is the same for each observation). For the maximum allowable misfit value at frequency ω, we set U pred (ω) equal to each of the N = 20 observed group-velocity values and determine which group-velocity value yields the largest χ 2 /N. The maximum χ 2 /N calculated from these 20 trials becomes the misfit threshold at frequency ω. The identical process is performed for the Love waves and for the 'CCT' curves. With this approach, the misfit threshold is dictated by the most extreme group-velocity observation at each period, and the fit criteria for acceptable models are therefore not overly restrictive. Fig. 1 (c) provides a comparison of the envelope of the observed curves, from which the misfit threshold is calculated, and the mean ± one standard deviation of the observed curves. The approach used in this study permits a larger range of group-velocity values than do criteria based on the standard deviation or standard error of the mean.
So that a particular model is not rejected because it exceeds the misfit threshold at a single frequency, we sum the misfit values in four period bands: 5-10 s, 11-16 s, 17-22 s and 5-22 s. The misfit thresholds are also summed in these bands. If the summed misfit value in one or more of the frequency bands is higher than the corresponding misfit threshold value, the earth model is eliminated. This is done to ensure that assessment of fit is not dominated by one particular frequency band. 1 X X 10 000 2 X 10 000 3 X X X 10 000 4 X X 10 000 5 X X X X 10 000 6 X X X 10 000 7 X X 10 000 8 X 10 000 9 X X X 10 000 10 X X 10 000 11 X X X X 10 000 12 X X X X 10 000 13 X X X X X 10 000 14 X X X 10 000 15 X X X 10 000 16 X X X 10 000 17 X X X 10 000 18 X X X X 10 000 19 X X 10 000 20 X X 10 000 Table 2 . Misfit (eq. 1) for the 'CCT' and 'craton' data sets. The minimum misfit values in the four period bands are reported for three different scenarios:
(1) isotropic crust, isotropic mantle; (2) isotropic crust, anisotropic mantle; (3) is to identify models that simultaneously fit the Love and Rayleigh data to a similar degree of misfit.
R E S U LT S
We test the null hypothesis that both the 'craton' and the 'CCT' Rayleigh and Love wave curves are consistent with an isotropic crust. We calculate 50 000 one-dimensional models with isotropic shear velocity in the crust and mantle. Using the fit criteria defined above, 196 one-dimensional models are found to fit the 'craton' Love curves, and 39 models fit the 'craton' Rayleigh curves (Figs 3a-b) . Almost all models chosen based on their fit to the Love waves over-predict Rayleigh wave group velocity for periods >15 s (Fig. 3a) , and all models that fit the Rayleigh waves under-predict Love wave group speed for periods >15 s (Fig. 3b) . Two models are found that simultaneously fit the 'craton' Love and Rayleigh curves (Fig. 3c) , and they predict group speeds that are too high for the Rayleigh wave data and too low for the Love waves at periods >15 s. This is apparent from comparing the χ 2 /N values for fitting the Love waves separately (1.02) versus together with the Rayleigh waves (3.45) and for fitting the Rayleigh waves separately (1.08) versus together with the Love waves (3.85) ( Table 2 ).
While the two models are deemed acceptable on the basis of our misfit criteria, below, we will explore whether other earth models can improve upon the relatively poor fit to the long-period group velocities.
The a priori and a posteriori distributions of isotropic shear velocity for the 'craton' surface wave paths are summarized in Fig. 4 . The range of wave speed values spanned by the acceptable models (a posteriori) is much narrower than the range of values explored by the model space search (a priori). In the middle and lower crust (layers 2 and 3, respectively), shear velocities in the models that provide an acceptable fit to the Love wave data are shifted towards higher values than those found when fitting the Rayleigh wave data alone or together with the Love wave data. The mean velocity of the models that fit the Love waves is 3.65 and 4.07 km s −1 in layers 2 and 3, respectively, and for the Rayleigh wave models, it is 3.59 and 3.92 km s −1 . Higher isotropic wave speeds are required to satisfy the Love wave group velocities, and Fig. 3(a) demonstrates that such high velocities are not compatible with the Rayleigh group speeds at periods >15 s. The broader distribution of a posteriori shear velocities for the Love wave models than the Rayleigh wave models reflects the weak sensitivity of the Love waves to greater crustal depths. Models tested in this scenario contain isotropic wave speed in the crust and mantle; the a posteriori distribution is obtained by evaluating the fit to the 'craton' group-velocity curves. Grey: the V S distribution from the 50 000 models considered. Blue: the 196 models were selected based on their ability to fit the Love wave observations. Red: the 39 models were selected based on their ability to fit the Rayleigh wave observations. Green: the two models were selected based on their ability to fit simultaneously the Love and Rayleigh wave observations. Colour-coded numbers in each panel indicate the number of models by which each histogram is normalized.
at Boston University Libraries on March 25, 2013 http://gji.oxfordjournals.org/ Downloaded from Figure 5 . As in Fig. 3 , but here the predicted curves have been selected based on their ability to fit the CCT observations. Models tested in this scenario contain isotropic wave speed in the crust and mantle.
For the 'CCT' curves, 1293 one-dimensional earth models fit the Love wave curves, 194 models fit the Rayleigh wave curves and 131 models simultaneously fit the 'CCT' Love and Rayleigh curves (Fig. 5) . The variance of the 'CCT' curves is larger than the 'craton' curves by a factor of 2-3 (e.g. Fig. 1c) , which allows for a larger number of acceptable models. However, the majority of models found from fitting the 'CCT' Love and Rayleigh data together predict Love wave group speed below the mean value of Love curves, especially at periods 10-20 s, and the mean shear velocity (Fig. 6 ) in layers 2 and 3 for the Love wave models (3.54 and 3.94 km s −1 ) is higher than for the Rayleigh wave models (3.46 and 3.85 km s −1 ), motivating us to determine whether a better fit is attainable.
Neither radial anisotropy in the mantle, nor adjustments to the assumed V P /V S ratio, can resolve the discrepancies apparent in Figs 3 and 5. Of 50 000 one-dimensional models with isotropic crust and radially anisotropic upper mantle, we find 113 models that simultaneously fit the Love and Rayleigh 'CCT' data, similar to the fully isotropic case (Table 2 ). For the 'craton' curves, no models from this suite of 50 000 can simultaneously fit the 'craton' Love and Rayleigh dispersion curves.
In the 200 000 one-dimensional earth models tested, the ratio V P /V S = 1.75. We investigate whether alternative values can better fit the data and explore two end-member scenarios: V P /V S = 1.65 and V P /V S = 1.85, values that are smaller and larger, respectively, than almost all crustal minerals (Christensen 1996; Brocher 2005) . We generate 30 000 one-dimensional earth models with V P /V S = 1.65. All of these models contain isotropic velocity and positive velocity gradients in the crust, and 67 per cent contain isotropic wave speed in the mantle. An additional 30 000 earth models with V P /V S = 1.85 are also generated, yielding three sets of 30 000 models obtained from a similar model-space search, one with V P /V S = 1.65, one with V P /V S = 1.75 and one with V P /V S = 1.85. Fig.7 summarizes the a priori and a posteriori distributions of V P /V S values. For the 'craton' observations, 339, 100 and 7 models are found that can fit the Love waves, Rayleigh waves and simultaneously the Love and Rayleigh waves, respectively. Of the seven models that fit both sets of curves, two have V P /V S = 1.75 (i.e. Fig. 3c ) and five have V P /V S = 1.65. For the 'CCT' curves, 2556, 489 and 332 models are found to fit the Love, Rayleigh and Love and Rayleigh wave observations, respectively. Of the 332 models that simultaneously fit the Love and Rayleigh waves, 154 (47 per cent) have V P /V S = 1.65, 32 per cent have V P /V S = 1.75 and 21 per cent have V P /V S = 1.85. This experiment demonstrates that for both the 'craton' and 'CCT' observations, a lower V P /V S value (1.65) will permit a larger number of acceptable models. However, Fig. 7 illustrates that these models do not provide the best-possible fit to the observations: for the 'CCT' curves, the Rayleigh waves are well-fit by the predictions at Boston University Libraries on March 25, 2013 http://gji.oxfordjournals.org/ Downloaded from Figure 6 . As in Fig. 4 , but here the models have been selected based on their ability to fit the CCT observations. Models tested in this scenario contain isotropic wave speed in the crust and mantle. Grey: the V S distribution from the 50 000 models considered. Blue: the 1293 models were selected based on their ability to fit the Love wave observations. Red: the 194 models were selected based on their ability to fit the Rayleigh wave observations. Green: the 131 models were selected based on their ability to fit simultaneously the Love and Rayleigh wave observations. Colour-coded numbers in each panel indicate the number of models by which each histogram is normalized.
Figure 7. (Left)
A priori and a posteriori distributions of V P /V S ratio for 90 000 one-dimensional models containing isotropic velocity in the crust. Grey: the V P /V S ratio distribution from the 90 000 models considered. (Middle, Right) Comparison of observed and predicted group-velocity dispersion curves. In all cases, the predicted curves correspond to models selected based on their ability to simultaneously fit (a) the CCT Love and Rayleigh observations, and (b) the craton Love and Rayleigh observations. In (a), the a posteriori distributions for fitting the Love waves only, the Rayleigh waves only and both Love and Rayleigh waves contain 2556, 489 and 332 models, respectively. These numbers for (b) are 339, 100 and 7 models. Colour-coded numbers in each panel indicate the number of models by which each histogram is normalized. but the Love waves are mostly under-predicted at periods >15 s, and for the 'craton' curves, the Love waves are well-matched but the Rayleigh waves are over-predicted at periods >17 s. Furthermore, there are only a handful of crustal minerals with V P /V S ratios as low as 1.65 (Christensen 1996; Brocher 2005) , making it unlikely that large areas of the continental crust could be characterized by such small V P /V S values.
We therefore explore whether anisotropy in the crust can resolve the Love-Rayleigh discrepancy. Because Figs 3 and 5 indicate that the mismatch between the Love and Rayleigh wave group speeds is most pronounced at periods >15 s, we focus on the middle and lower crust. We create 100 000 one-dimensional models containing radial anisotropy in the middle crust (40 000 models), or in the lower crust (40 000 models), or both (20 000 models). For half of these models, the mantle is isotropic and for the other half, it is radially anisotropic. For the 'craton' dispersion curves (Fig. 8) , 399 and 95 models fit separately the Love and Rayleigh curves, respectively. Not surprisingly, these models do not exhibit a strong preference for positive or negative radial anisotropy (Fig. 9) . For the Love wave models, 165 contain isotropic velocity in the middle crust, 96 contain negative anisotropy (V SH < V SV ) and 138 contain positive anisotropy (V SV > V SH ). For the Rayleigh wave models, these numbers are 38, 23 and 34, respectively. Similar results are obtained for the lower crust.
Twelve models are found that fit the Love and Rayleigh 'craton' curves simultaneously, and 11 of the 12 models indicate positive radial anisotropy in the middle crust (V SH − V SV = 133 m s −1 , on average, ∼4-5 per cent of isotropic velocity). In the lower crust, three of the 12 models contain positive anisotropy and nine contain isotropic wave speed (Fig. 9 ). The one model that contains isotropic velocity in the middle crust has positive anisotropy in the lower crust. The ability of these 12 models to fit the observed dispersion curves (Fig. 8c) is greatly improved over the scenario in Fig. 3(c) , especially in the period band 17-22 s (Table 2) .
For the 'CCT' curves, 2508 models fit the Love waves, 409 fit the Rayleigh waves and 241 models simultaneously fit the Love and Rayleigh curves (Fig. 10) . When fitting only the 'CCT' Love or only the 'CCT' Rayleigh curves, the results indicate little preference for positive or negative anisotropy (Fig. 11) . However, when fitting the two sets of 'CCT' curves together, 71 per cent of the bestfitting models contain positive anisotropy in either the middle or lower crust. The large variance of the 'CCT' group-velocity values permits a large number of acceptable models. If the misfit threshold defined in Section 3 is instead calculated for a more restricted range (in this case, dispersion curves corresponding to the mean ± one standard deviation instead of the most extreme group-velocity values; Fig. 1c) , six 1-D models are found from the entire suite of 200 000 that can simultaneously fit the 'CCT' Love and Rayleigh Figure 8 . As in Fig. 3 , but models tested in this scenario contain radially anisotropic wave speed in the crust. The predicted curves have been selected based on their ability to fit (a) the craton Love wave observations; (b) the craton Rayleigh wave observations; (c) simultaneously the craton Love and Rayleigh observations. Figure 9 . A priori and a posteriori distribution of radial anisotropy in the middle (a) and lower (b) crust. The a posteriori distribution is obtained by evaluating the fit to the craton group-velocity curves. Anisotropy is defined as V SH − V SV ; positive values indicate V SV < V SH . Grey: the anisotropy distribution from the 100 000 models considered. Blue: the 399 models were selected based on their ability to fit the Love wave observations. Red: the 95 models were selected based on their ability to fit the Rayleigh wave observations. Green: the 12 models were selected based on their ability to fit simultaneously the Love and Rayleigh wave observations. Colour-coded numbers in each panel indicate the number of models by which each histogram is normalized. Fig. 9 but for the CCT observations. Grey: the anisotropy distribution from the 100 000 models considered. Blue: the 2508 models were selected based on their ability to fit the Love wave observations. Red: the 409 models were selected based on their ability to fit the Rayleigh wave observations. Green: the 241 models were selected based on their ability to fit simultaneously the Love and Rayleigh wave observations. Colour-coded numbers in each panel indicate the number of models by which each histogram is normalized.
curves. All six of these models contain positive radial anisotropy in the middle crust (mean value = 153 m s −1 ), indicating that positive anisotropy (V SH > V SV ) is required for both the 'craton' and the 'CCT' group-velocity curves.
D I S C U S S I O N A N D C O N C L U S I O N S
Using surface waves obtained from cross-correlation of ambient noise in northwestern Canada, we have tested the null hypothesis that Love and Rayleigh group-velocity curves in the period range of 5-25 s are consistent with isotropic shear velocity throughout the crust. It was not possible to find a model with isotropic crust to fit the 'craton' Love and Rayleigh group-speed curves simultaneously; all of the best-fitting models for this data set require positive radial anisotropy (4-5 per cent) in the middle crust. While it is possible to find a model with isotropic crust that can fit the 'CCT' curves, the majority of best-fitting models for these data contain positive radial anisotropy (∼4-5 per cent) in the middle crust, a conclusion that is further strengthened when more restrictive misfit criteria are used. A lower V P /V S ratio than that assumed in this study can reduce the need for crustal anisotropy, but such low ratios are not characteristic of typical crustal minerals.
Radial anisotropy in the middle or lower crust might arise due to two sources: lattice-preferred orientation (LPO) of foliated and/or lineated mineral fabric, with fast propagation directions dominantly oriented in the horizontal plane (e.g. Mainprice & Nicolas 1989; Weiss et al. 1999; Moschetti et al. 2010); and compositional (isotropic) layering with a quasi-horizontal orientation. In the case of the 'craton' curves, the sampled region is within the ancient crust of the North American craton. The metamorphic assemblages expected in this environment can be highly anisotropic (10-20 per cent) at the sample scale (Godfrey et al. 2000; Meltzer & Christensen 2001) . The 'CCT' curves are clustered around the cratonCordillera transition, where most of the middle and lower crust is interpreted to be a thick meta-sedimentary package emplaced prior to growth of the Cordillera (Cook et al. 2004) . Seismic reflection data across this region suggest that this structure is highly layered and/or foliated (Cook et al. 2004; Snyder et al. 2009) , and foliated meta-sedimentary assemblages are found in the laboratory to be highly anisotropic (Godfrey et al. 2000) .
The magnitude of the anisotropy that we observe (∼5 per cent) is modest compared to laboratory measurements; this presumably results both from spatial averaging over mineral assemblages that are not anisotropic, and/or averaging over regions where the LPO directions vary significantly. Our choice of radial anisotropy, characterized by a vertical axis of symmetry, is the simplest form of anisotropy that can explain the Love-Rayleigh discrepancy (e.g. Dziewonski & Anderson 1981) , and this prevents us from discerning the dominant orientation of the fabric. The observed anisotropy may result entirely from horizontally foliated fabric, with no strong lineation or azimuthal fast direction. However, strong lineations in crystalline fabric are commonly measured in crustal minerals (Godfrey et al. 2000) , and it is possible that the apparent radial anisotropy we observe arises due to limited sampling or averaging of a strongly azimuthal structure (e.g. Gaherty 2004 ).
The observations of seismic anisotropy in seismically slow, relatively young meta-sedimentary mid-to lower-crustal rocks, as well as in seismically fast, old cratonic metamorphic assemblages, suggest that anisotropy may be ubiquitous in continental crust. The isotropic wave speed, composition and deformation history of these two regions are markedly different, and they are both quite distinct from the extension-dominated western United States, where crustal anisotropy has been previously documented at this scale Moschetti et al. 2010) . Taken in concert with the suite of smaller-scale observations of crustal anisotropy (e.g. Okaya et al. 2004; Sherrington et al. 2004) , evidence is mounting that crustal anisotropy at seismic wavelengths is observationally important. This has strong implications for seismic studies of the continental crust, where accurate mapping of seismic anisotropy can be exploited to probe deformation processes (e.g. Okaya et al. 2004; Shapiro et al. 2004) .
Crustal anisotropy has important implications for studies of upper mantle anisotropy, which typically assume that the crust is isotropic (e.g. Silver & Chan 1988) . Azimuthal anisotropy in the crust will not necessarily be correlated with fabric in the underlying mantle, due to differences in deformation history and LPO development in crustal versus mantle minerals, and the apparent splitting observed in near-vertical shear waves traversing this layered anisotropic structure is likely to be modified relative to that expected from traversing an isotropic crust. The nature of this modification will depend on the complexity of the anisotropic variations with depth. Structures that consist of two anisotropic layers display a characteristic backazimuthal dependence of splitting parameters that can be observed and modelled in seismic data (e.g. Silver & Savage 1994) . More generally, anisotropic heterogeneity with depth will lead to a systematic reduction in apparent delay times and/or an increase in complexity in apparent fast direction relative to homogeneous anisotropic structure with depth (e.g. Ruempker & Silver 2000; Saltzer et al. 2000) . Such splitting characteristics have been observed in a variety of continental regions, including our study region (Courtier et al. 2010 ). These observations have been previously interpreted as arising from anisotropic heterogeneity within the mantle lithosphere (e.g. Mercier et al. 2008) . While the results presented here constrain radial and not azimuthal anisotropy, they underscore that the crust contains anisotropic fabric, which may have an azimuthal component that should be considered in interpreting shear wave splitting data.
Radial anisotropy in the crust can also affect estimates of isotropic and radially anisotropic shear velocity in the uppermost mantle. For example, an earth model with V SH − V SV = 200 m s −1 in the middle and lower crust (depths 11-40 km) and isotropic mantle predicts Love wave phase velocities that are 0.5-1 per cent higher than for an isotropic crust at periods 50-100 s. In the same period range, Rayleigh wave phase velocities are ∼0.5 per cent higher than expected for an isotropic crust. Since most inversions for mantle structure use a priori information about the crust (instead of solving for it) and assume an isotropic crust, these phase-velocity anomalies can be mapped into upper-mantle shear-velocity structure, potentially biasing the models toward high shear wave speed and impacting the inferred mantle radial anisotropy.
